Introduction
Secretion of saliva has been studies on man and animals from the histological, cytological, and other viewpoints since H e i d en h a i n (1868) and Zimmer m a n n (1898). On the histological and cytological changes of the salivary glands produced by some reagents, Altmann (1894), A r i m a (1918); Takagi (1925) and many others have reported. It is not enough for understanding the function of salivation to observe only the cytological changes. In recent times histochemical and cytochemical investigation have been applied for apprehending the conditions and changes of the organic and inorganic substances and various enzymes in tissues and cells.
The author observed the secretion of saliva by the mouse from the histochemical and cytochemical viewpoints . The results obtained will be reported as follows.
Material and Method
Fourty adult mice each of about 20g in body weight , were employed in this investigation. Ten of them were used as the control . 0.5 cc of 0.1 % pilocarpine solution was injected into the lateral abdomen of each mouse subcutaneously.
After injection , the submaxillary glands were taken out from each mouse time by time. After injection of pilocarpine, mouse begins to secrete saliva and its salivation is of the heighest in fifteen minutes after injection, thereafter salivation gradually becomes less and nearly comes to an end in sixty minutes but a little secretion continues for a long time. Therefore, at intervals 5, 15, and 60 minutes after injection the submaxillary glands were taken out from ten mice per time. These materials were fixed with L e v is solution and with 10% formalin solution at room temperature.
Some of the materials were fixed with 90 % alcohol and with cold absolute aceton. Following the usual routine, fixed preparations were all embedded in paraffin and 5 it. thick sections were cut.
Staining methods were as follows.
1. The sections fixed with L e v is fixative solution were stained with Heidenhai n's iron hematoxylin. Then, general changes in the cells, especially in the nucleus, nucleolus, mitochondria and secretory granule, were observed.
2. Polysaccharides were stained by periodic acid Schif f's method using materials fixed with 90% alcohol.
Glycogen was ascertained by 1 % diastase digestion. 3. For the demonstration of the alkaline and acid phosphatase activities, G o m o r i revised method (1952) was applied, using materials fixed with cold absolute aceton.
4. Ribonucleic acid was stained with 0.05% thionin, using materials fixed with 10% formalin, then its metachromasia was observed.
5. Proteins were stained by Hg-BPB method (M a z i a et al., 1953), using materials fixed with 10 % formalin.
Observation

Findings on Heidenhai
n's iron hematoxylin stain. Detailed descriptions about the submaxillary glands of healthy adult mice are hardly found. M ü 11 e r (1896) has divided the submaxillary glands of healthy adult mice into two kinds of cell group. One of which consists of a clear cell group and the other of a dark one. This classification was put into the author's investigation, because it is reasonably useful for the study. The glands consisting of clear cells are comparatively large and the glandular cells form a simple layer surrounding the lumen. The nucleus which is round or elliptic in shape locates near the basement of the cell and it stains lightly.
The nucleus shows a fine network where one to several nucleoli, which stain deeply, are found. The nuclei are clearly distinguished from the cytoplasm around the nuclei, and the nuclear membrane is recognizable.
The cytoplasm around the nucleus and at the basement of the cell present weak refractive fine granules. Coarse networks are recognizable in the cytoplasm between the lumen and the nucleus. Mitochondria are visible as deep stained matter in the cytoplasm which shows granular structure.
The mitochondria have various length, some of them are long slender threads waving a little and the longest of them is about the same figure as the diameter of the nucleus. The shorter mitochondria are generally rod-like or thick comma-shaped. Streptococcal shaped mitochondria also are visible. These mitochondria near the basement membrane run parallel to the longitudinal axis of of the cell, and those around the nucleus run parallel to the surface of the cell. At the part, where coarse networks are visible, mitochondria are scarcely recognizable or very few.
The terminal portion which consists of the dark cells is small as compared with that consisting of the clear cells. The lumen is very narrow and often hardly recognizable.
The gland cells are filled with intensively refractive granules, which are larger in size and denser in distribution than those in the clear cells. Accordingly, the gland cells are stained dark. The nucleus which is round and stained deeply adheres close to the basement, but the structure of the nucleus is not known, because it is stained very deep. Mitochondria are comparatively short rods and are uniformly scattered in the cytoplasm.
The secretion of the saliva is accelerated by pilocarpine injection. In five minutes after injection a remarkable change is recognizable in the glands which are consisting of clear cells. Namely, fine granular structures at the base of the cell and the coarse network above the nucleus becomes undistinguishable.
Mitochondria decrease in their number and there remain only the rod-shaped ones. No thread-like mitochondria are found. On the other hand above the nuleus and at the sides of nucleus mitochondria are hardly found, while between the free surfaces and the nucleus and at the sides of the nucleus there are various sized stainable granules which stain deep blue. Relations of the these granules with their arrangement and with their number are indefinite, but generally the granules near the basement are small, and the granules gradually become big and dense toward the free surface.
In the cytoplasm of dark cells there are somewhat small and lightly stained granules. Mitochondria also decrease in their number. The stainable granules as seen in the clear cells are not found here. But vacuoles corresponding to the stainable granules in the clear cells are recognizable at an indefinite portion in the cytoplasm.
In fifteen minutes after pilocarpine injection, the clear cells swell, and the lumen become narrower.
Stainable granules grow up to a certain size and they are chiefly recognizable in the portion between the free furface and the nucleus. But some of the cells are filled up with these granules.
Mitochondria are reduced much in number and are stained lightly in fifteen minutes after injection. They remain as slender rods or as granules near the base of the cell.
In the dark cells vacuoles increase and locate in the upper part of the cell, instead of the stainable granules.
Between the vacuoles, the cytoplasm with pale stained mitochondria are found. The nucleus is extremely pressed against the base of the cell.
In sixty minutes after pilocarpine injection the clear cells reduced in their height, and the stainable granules decrease in number.
The whole area between the free surface and the nucleus and at the sides of the nucleus are occupied with vacuoles. Consindering from their size, these vacuoles are understood as liquified stainable granules. The remaining stainable granules show an irregular shape. Mitochondria are still pale stained, and they are recognizable chiefly between the basement and the nucleus. Mitochondria are seen scattered as rods or granules.
The free surfaces of the gland cells are separated by a thick terminal bar from the lumen.
In the dark cells vacuoles are more numerous than before and some of these cells are occupied with vacuoles all over the cytoplasm. But at the area around the nucleus the cytoplasm without vacuoles is always recognizable.
Furthermore, a great number of the small vacuoles are seen, but the content of the vacuoles cannot be stained.
2. Findings on the sections stained by the PAS method. This method stains polysaccharides, including glycogen, red or reddish-purple.
In the control group, the cytoplasm of the clear cell is stained pink and in its cytoplasm, somewhat intensively stained fine granules are found. These stained fine granules are denser near the base than the lumina' portion of the cytoplasm.
The nucleus is not stained by PAS method and is recognizable as a transparent matter near the base of the cell, that is why the nucleus does not contain any polysaccharide.
In the cytoplasm, no stainable substances, corresponding to mitochondria, are recognizable. Between the gland cells the substances which have comparatively intensive stainability are found and the boundary between the cells is distinct.
The basement membrane stains strong. Interstitial tissue and blood vessel also have comparatively intense stainability.
In the dark cells PAS positive substances in the cytoplasm have stronger stainability than in the clear cell, and show a network.
In this network more intensively stained fine granules are seen scattered. uniformly.
The border area between the cell and the basement membrane contain an intensive PAS positive substance.
In five minutes after pilocarpine injection, the stainable substance in the cytoplasm of the clear cells increase in their quantity and are recognized uniformly in the cells, but their stainability is hardly changed.
The granules corresponding to the stainable granules, which are recognizable in the luminal portion of the cytoplasm on the sections, stained with iron hematoxylin, are not found here. The boundary between the cells and the basement membrane show a weaker stainability as compared with those in the control group.
In the dark cells, the stainability of PAS positive substances becomes as weak as that in the clear cells.
In fifteen minutes after pilocarpine injection, the stainable substances in the cytoplasm of the clear cells become denser.
Especially in the luminal portion, the PAS positive substance is denser than in the cytoplasm near the base, but not any increase of its stainability is found. The stainabilities of the boundary between the cell and the basement membrane become weak.
In the dark cells, the stainability of the PAS positive substance becomes less intensive than before. In the cytoplasm small vacuoles are present in uncertain portions.
In sixty minutes after pilocarpine injection, the clear cells have less stainability and are stained more light than those in the fifteen minutes after injection.
The PAS positive substance decreases and in the cytoplasm there are seen the formation of the vacuoles. These vacuoles have various sizes and are recognizable numerously in the cytoplasm near the lumen and also in the side of the nucleus.
The stainability of the basement membrane decreases extremely.
In the dark cells the PAS positive substance decreases in its quantity. Also the vacuoles increase and they sometimes ocupy the whole cytoplasm.
On the sections which are stained after the digestion with 1% diastase solution for one hour at 37°C, generally stainability becomes low but perfect disappearance in the stainability is not recognizable. The PAS positive substances in the cytoplasm, the boundary between the cells, the basement membrane and the interstitial tissue decrease with the passage of time. This fact may show, that glycogen remains continuously a littie and that polysaccharide which has not been digested by diastase, varies, with the time passes. 3. Findings on alkaline phosphatase. Control : Generally the clear cells have weak activitl. The cytoplasm consists of granular substance which has a weak activity. The activity in the base of the cell is more intensive than that in the portion between the nucleus and the free surface. The boundary between the gland cells is recognizable distinictly by the presence of substance which shows positve reaction. The nucleus which is large in size gives a strong activity and locates near the basement of the glandular cell. The shape of the nucleus is spherical. The karyoplasm shows a network and at its periphery one to several nucleoi, which have more intensive activity than the karyoplasm, are visible. The mitochondria are undistinct. The basement membrane and the interstitial tissue give an intense activity.
The dark cells have more intense activity than the clear cells, and the cytoplasm also consists of a granular substance which gives more intense activity than that in the clear cells. This granular substance is denser in the basal portion than above the nucleus.
In five minutes after pilocarpine injection, the cytoplasm of the clear cells increase in its activity but not any differences in the activities between the basal portions and the cytoplasm near the free surface are found. The network in the karypolasm becomes weak in activity, and therefore the nucleoli are distinctly recognizable. The boundary between the nucleus and the cytoplasm is unclear. The activity in the basement membrane and in the interstitial tissue are demonstrated intensively, especially the activity in the capillaries is of the most intensive sort.
In the dark cells, the activity in the cytoplasm becomes stronger than that in the clear cells.
In fifteen minutes after pilocarpine injection, the activity in the cytoplasm of clear cells becomes weak. This depends on coarser distribution of the fine granules which have activity. In the cytoplasm distinct granules similar to secretory granules, which are seen stained with iron hematoxylin, are not found here. The nucleus is irregular shaped and locates near the base of the cell. Its activity is weak. The basement membrane and the interstitial tissue become weak in their activities.
The dark cells decrease the activity generally, but it is somewhat stronger than the clear cells. In the cytoplasm the formation of the small vacuoles is found.
In sixty minutes after pilocarpine injection the cytoplasm of the clear cell shows hardly any activity, and vacuolar structures are visible here and there. The nucleus decreses its activity and its form becomes undistinct.
Though the activity in the basement membrane and in the interstitial tissue becomes weak, the activity of the capillaries is still intense.
The activity in the cytoplasm of dark cells weakens and reaches the same intensity as that of the clear cells.
4. Findings on acid phosphatase. Control : The clear cells generally give an intense activity. The cytoplasm contains a fine granular structure which has the medial activity and the luminal portion shows more intense activity than that of the part near the basement.
The nucleus which locates in the basal part of the cell, has more intense activity than that of the cytoplasm. The karyoplasm shows the network with activity and there are two to several nucleoli, showing more intense activity than the surrounding karyoplasm.
Around the nucleus there is light stained area which has weaker activity than the other part of the cytoplasm. Between the cells there exist somewhat intense activity, so the boundary between the cells is distinctly recognizable.
The activity :in the basement membrane is strong but not so intensive as that of the alkaline phosphatase.
The dark cells show weaker activity than the clear cells but they show a fine granular structure.
The activity of this structure is more intense in the base than in the part near the lumen. The activity in the nucleus is about the same as that in the clear cell. The medial activity is recognizable in the interstitial tissue and in the capillaries. It is remarkable on acid phosphatase that the activity in the clear cells is extremely intense as compared with that in the dark cells.
In five minutes after pilocarpine injection the cytoplasm of the clear cell increases in its activity and the structure in the cytoplsm is obscure. Therefore the existence of the nucleus is not clear and especially the activity in the cytoplasm near the lumen is very intensive.
Not any substances are found, which correspond to the secretory granules on iron hematoxylin stain.
In the dark cells the activity is strengthened but the structure of the cytoplasm and the presence of the nucleus are observable. Small vacuoles are found in the cytoplasm.
In fifteen minutes after pilocarpine injection the clear cells shrink in their height so that the glandular lumen becomes wide. The activity in the cytoplasm becomes suddenly weak and the part near the lumen has less intense activity than the basal part. Only in the nucleus remains intense activity and is pressed down to the base showing an irregular spherical shape.
In dark cells the activity decreases and reaches the same degree as that of the clear cells. Above the nucleus and at the side of the nucleus somewhat large vacuoles are found.
In sixty minutes after pilocarpine injection both the clear and the dark cells decrease in their activities.
The activities are about the same with each other. Though the activity in the nucleus decreases, it remains intense as compared with that in the cytoplasm.
The vacuoles in the cytoplasm of the dark cells becomes larger and sometimes these vacuoles locate all over the cell.
5. Findings on the sections stained with thionin. Control: The cytoplasm of the clear cells is devided into two parts, and the greater part between the nucleus and the lumen shows a light blue or light green network. Near the nucleus at this part comparatively coarse and light blue stained granules, the periphery of of which is stained red purple are observed.
Another small part of the cytoplasm shows a fine granular appearance which is stained reddish purple and is located between either sides of the nucleus and the base but not above the nucleus. In this part of the cytoplasm similarly colored but somewhat darkly stained threads or rod-like substances are found. These substances may be the mitochondria. The nucleus which is spherical and large, is locating near the base of the cell and it stains purplish blue. The karyoplasm shows a deep blue network, in which two or several purple nucleoli, showing intense stainability are contained.
The nuclear membrane has a similar color to the nucl€oli, and stains thick and disticnt.
The basement membrane and the boundary between the cells present hardly stainability.
The dark cells show a fine purple granular structure and above the nucleus they are coarse and become dense toward the base. In the cytoplasm there are stained substances scattered uniformly, which correspond to the short rod-like mitochondria. The nucleus is stained deeply blue-purple and its inner structure is not clear. The boundary between the cells and the basement are not stained.
In five minutes after pilocarpine injection, in the clear cells the cytoplasm between the nucleus and the lumen gives hardly stainability or gives very weak blue coloration. Its structure is unclear and the granules, around of which are colored purple in the control, are not found here. The cytoplasm between the nucleus and the base shows a reddish-purple and fine granular structure and this structure reaches as far as above the nucleus and increases in thickness as compared with the control. Above the nucleus its stainability becomes intense and the fine granules are existing densely. The nucleus is stained in the same correlation as the control, and its stainability increases. The structure of the nucleus is not clear. The stainable substances corresponding to mitochondria decrease in their length and are recognizable as short rod-like ones. In the fine granular cytoplasm, a few, comparatively large vacuoles with no stainability are found.
In the dark cells the stainability of the cytoplasm becomes intense and the formation of comparatively large vacuoles is observed.
Sizes of the vacuoles are various and some locate on the base and others above the nucleus. The stainability of the nucleus has not altered.
In fifteen minutes after pilocarpine injection the clear cells shrink in their height and the lumen becomes wide. The pale blue stained substances found between the nucleus and the lumen, are diminished and only the network which has no stainability is found. The reddish-purple and fine granular structures which are found in the portion between the nucleus and the base become thicker, and especially the portion above the nucleus shows more intense stainability and is stained deeply reddish-purple. Above the nucleus and at the side of it a great number' of vacuoles or coarse granules which have no stainability are found. Substances corresponding to mitochondria are scarecely recognizable.
The boundary between the cells and the basement membrane are not stained at all.
In the dark cells the vacuoles swell in the cytoplasm so that the whole cytoplasm is vacuolized and only the fine granular cytoplasm remains between the vacuoles and around the nucleus. Substances which correspond with mitochondria are not recognizable.
In sixty minutes after pilocarpine injection the lumen of the clear cell gland becomes wider.
The reddish-purple and fine granular portion in the cytoplasm becomes thicker and the vacuoles, which are found in this portion, increase in number and become larger.
In the dark cells, the vacuoles in the cytoplasm are reduced, but some of the cells are still filled out with vacuoles. In the cells where the vacuoles are reduced, fine granular cytoplasm is recognizable around the nucleus, in which short rod-like substances corresponding to mitochondria are recognized.
6. Findings on the sections stained with Hg-BPB method. Control : The cytoplasm of the clear cell is divided into two parts by its structure.
One of which is the porton between the nucleus and lumen, and shows coarse network.
The other is the portion around the nucleus to the base, and shows comparatively dense structure with fine granules.
In the latter portion deeply stained rod-like or thread-like substances which may correspond to mitochondria are found.
The cells are bordered by a deeply stained substance so that the boundary between the cells is distinct.
The nucleus which is spherical in shape locates near the base of the cell and is stained deep blue. The fine structure in the nucleus is almost invisible. The basement membrane stains deeply.
The dark cells, as compared with the clear cells, stain more deeply. In the cytoplasm deeply stained fine granules are densely present. The stainable substance corresponding to short rod-like mitochondria are found scattered in the cytoplasm.
In five minutes after pilocarpine injection the clear cells are increased in their height and the lumen becomes narrower.
In this case at the area of coarse network between the nucleus and the lumen intensively stained granules are present with various sizes. These are considered as so-called secretory granules.
The fine granular structure between the nucleus and the base decreases in its stainability.
This fact is atributable to the decrease in stainability of the stainable substance corresponding to mitochondria.
'The nucleus is pressed down to the base and decrease its stainability, which is about the same as that of the cytoplasm.
The nucleus is obvious with its nuclear membrane which has a somewhat stronger stainability than the cytoplasm. The karyoplasm shows a fine network, in which two or several nucleoli with strong stainability are observed. Stainable substances which show the boundary between the cells disappear.
The stainability in the basement membrane diminishes extremely.
In the cytoplasm of the .dark cells small vacuoles make their appearance at uncertain portions.
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In fifteen minutes after pilocarpine injection the height of the clear cell attains to its extremity and the lumen almost vanishes. The cytoplasm is filled with deep stained coarse granules. These granules increase more in number than those in five minutes after pilocarpine injection and become large. Each of them has about the same and the difinite size. The stainable substances corresponding with mitochondria are hardly found. The nucleus which is irregularly spheric, is pressed down to the base of the cells. Its ;stainability recovers. Though the boundary between the cells is unclear, the basement membrane recovers its stainability.
The dark cells, as compared with the clear cells, become extremely light in color. This is due to the increase and the enlargement of the vacuoles in the cytoplasm. Though the nucleus is pressed down to the base of the cell, there is seen fine granular cytoplasm around the nucleus.
In sixty minutes after pilocarpine injection the clear cells shrink in their height, so that the glandular lumen becomes wider. Coarse network is recognizable in the cytoplasm between the nucleus and the lumen. In this network the formation of the large vacuoles are found. In some cells a few deeply stained coarse granules are visible. Around the nucleus and between the nucleus and the basement membrane there are seen fine granules, which increase in number. And in this portion of the cytoplasm substances corresponding to mitochondria make their appearance. The nucleus increases its stainability and its inner structure becomes unclear. The stainability of the boundary of the cells and the basement membrane recovers and increases to the same degree as the control.
The cytoplasm of the dark cell becomes vacuolar and the nucleus is pressed down to the base of the cell. Stainable cytoplasm is found a little around the nucleus.
Discussion H e i d e n h a i n (1863) investigated the secreta collected from the submaxillary gland of rodents and found out that the secreta was not mucin but it contained an albuminous substance and that in this gland no mucous cells were contained. Ranvier (1888) also reported similar results. M ü 11 e r (1826) has observed, that two kinds of the cell groups are found in the submaxillary gland on the sections stained with iron hematoxylin. Namely one of which has clear stained and coarse cytoplasm and forms the tubular gland. The other is the group of those cells in which dark stained granules are densely contained. To distinguish more distinctly the two kinds of the cell groups Ben sley (1908) fixed the fresh material with K o p s c formalin-bichromate mixture and stained with mucicarmine or mucihematin, and he observed two kinds of cell groups, i. e. the one that consisted of the cells which had stainable granules in the cytoplasm, and the other that consisted of the cells which had no reactive cytoplasm. He named the former tropochrome cell and the latter homeochrome cell. Tropochrome cell to correspond with the dark cell in iron hematoxylin stain.
As for the secretion of the salivary glands many investigations have been made for a long time, but the relation of the mitochondria to the secretion is not yet known. Altmann (1890), R e g u r d and Ma was (1909), Schultze (1911) and others have asserted that secretory granules are given to rise from mitochondria. Recently, Iwasaki (1939) has described the striated cells of the submaxillary glands of various animals that mitochondria change into metachondria and from the latter the secretory granules arise. 0 i n u m a (1946), from his cytological study on human parotid glands, has reported, that mitochondria are antecedent of secretory granules, and small granules are formed by the breaking of mitochondria at their thickened portion, and granules develop into larger ones, then are liquefied to light stained secretory vacuoles and being excreted in the glandular lumen. On the other hand, Honda (1927), by observing the submaxillary glands of albino rats tried to clarify the relation between mitochondria and the secretory granules on the basis of staining reaction and of morphological changes, but he could not find any direct relation between them.
Many studies have been made on the chages in the salivary glands by using pilocarpine which stimulates the parasympathetic nerve. From the observation of the submaxillary glands in cats T a k a g i (1925) has reported that when a little pilocarpine (3mg per 1kg) is injected into the animal, the glandular cells are reduced, and so the lumen becomes wider, and the cytoplasm is filled with secretory granules and has rarely vacuoles. On the other hand, in the changes caused by a great quantity of pilocarpine injection (10mg per 1kg) the vacuolization in the cytoplasm is remarkable and in the cytoplasm which formes the septa between the vacuoles there are seen fine stainable granules.
C o h o e (1907) and S tor m o n t (1926) have observed the changes that occurred in the submaxillary glands of rodents by administration of pilocarpine. With a moderate stimulus, that is, 14mg of pilocarpine injection per 1 kg, the tropochrome cells are filled with granules but in the homeochrome cells the granules vanish and the cell shows the picture of exhausted secretory granules. By administration of more quantity of pilocarpine which is three times as much as the previous injection, both in the tropochrome and homeochrome cells the secretory granules vanished.
On the auther's investigation about the submaxillary glands of the mouse, in the glands which consist of clear cells, namely, of the tropochrome cells, a generally normal process of the secretion, as mentioned above is found. In five minutes after pilocarpine injection, above the nucleus and into the lateral sides of the nucleus, stainable granules which may be probably secretory granules appear.
With the lapse of time they develop to larger ones, and they increase in number. In fifteen minutes after pilocarpine injection stainable granules filled the cell body all over, then after the granules are liquefied and vacuolized, the secretion comes to an end. On the other hand, in the glands which consist of the dark cells, that is, of the homeochrome cells, no stainable granules which may be called secretory granules are found throughout.
In stead of that, in five minutes after pilocarpine injection small vacuoles with no stainability are recognizable and with the lapse of time, these vacuoles become large and the whole cell body is vacuolized in sixty minutes after pilocarpine injection. Considering these processes as the secretory process, it may be required to investigate more profoundry, of what kind of substance of the contents of vacuoles consist when changing from small ones into larger ones.
As for the histochemical research for carbohydrate in various organs, carmine staining method has been used hitherto and glycogen has been the object of the research.
But recently, by the using the periodic acid-Schiff's method of Hotchkiss and McManus polysaccharide and glycoprotein have been able to be examined. According to the functional varieties in organs, existence and varieties in the amount of PAS positive substance have been investigated by this method.
Burst on (1953) has observed the PAS reactive substance in the salivary glands of the mouse. He has described that PAS positive substance in the cells of the submaxillary glands is soluble in water and the stainable granules are hardly found. Besides, the intensity of stainability in a PAS positive substance is connected with the condition of aggregation of polysaccharides, namley, in low grade of aggregation polysaccharides are weakly PAS positive.
In the author's experiment, the PAS positive substance decreased with the lapse of time after pilocarpine injection. This is probably owing to the lowering in aggregation of polysaccharides.
Also, the stainable granules were not found clearly. But it is uncertain, whether the stainable granules contain few polysaccharides or a PAS positive substance is vanished in making the preparations because' of its water solubility. So more deep research for this matter is necessary.
G e r hard and M ii 1 le r (1954) have observed the change of the PAS positive substance in the basement membrane of the submaxillary glands of the ginea pig caused by atropine and pilocarpine injections. They found out that after pilocarpine injection the PAS positive substance decreased and said that this change demonstrated that in basement membrane polysaccharides suddenly vary in quality and quantity.
In the author's experiment, not only in the cytoplasm, which has direct relation with the secretion, but also in the boundary between cells, the basement membrane, the interstitial tissue and even in the vascular tissue, changes to correspond with their functions are recognizable.
Since by G o m o r i and Takamatsu a histochmical method to demonstrate phosphatase reaction in tissues has been found, various observations have been made on the distributions and the quantity of this enzyme in various organs, under normal condition and also on the changes under certain conditions. Fey e 1-C a b a n n es (1947) has observed the submaxillary gland of the mouse. Alkaline phosphatase was more intense in the base of the cells than in the apical portion. This fact shows the result of precipitation in ferment, and this enzyme is related directly with the composing of serous granules.
The secretion of glandular cells was stopped binding the excretory duct of the mouse's submaxillary gland, then J u n q u e i r a (1950) compared these resting glands and the control, and obtained the result that the activity in alkaline phosphatase was more intense in the resting glands, especially the basal portion of the cells were deeply stained.
And he reported, that the deep staining was not the intensification of the enzyme activity but it was a dif. fusion phenomen from the interstitial tissue.
In the author's investigation in five. miutes after pilocarpine injection a temporary intensification of phosphatase activity was observed, especially in the basement membrane. After then, with the lapse of time the activity decreased. This seemed to have to do with the secretion. In regard to acid phosphatase, J u n q u e i r a (1950) has reported, that the activity is very intense in the nucleus of gland cells and in the cytoplasm above the nucleus, especially the activity in the nucleus, in spite of the disappearance of the activity in the cytoplasm in the experimental case, holds on. He said that these facts had showed some relation between the ferment in the nucleus and the secretion in the cell.
In author's experiment, acid phosphatase contrary to alkaline phosphatase, shows more intense acitivity in the clear cell than in the dark ones, and besides stronger reaction in the luminal portion than in the basal part. At the beginning of salivation, namely in five minutes after pilocarpine injection, the enzyme activity become temporarily higher and then it gradually weakens, but the activity of the nucleus still remains. These fact may demonstrate that though acid phosphatase has some relation with the secretory phenomenon, the relation differs from what alkaline phosphatase has.
On ribonucleic acid, since C a s p e r s s on (1939) and Amano (1942) have studied with ultra violet microscope, Br ac het (1947) has studied on metachromasia by thionin and he ascertained RNA from the fact that the basophile substance in the cell was digested by ribonuclease. H a m a z a k i (1935) has found ketoenol substance in the cells of animals in normal and pathologic conditions and asserted that the chief component in this substance was the DNA of low molecules. Shibatani (1949) reviewed the studies on RNA. M o r i y a (1950) on the normal dogs and N o g u c hi (1952) on the human skin, they have studied on ribonucleic acid and reported that RNA was found in the cytoplasm and in the nucleolus, especially in the cells in which synthesis of protein was active, so that RNA had some relations with synthesis of protein, and that DNA was found in the karyoplasm.
The author's findings show that RNA was found in the cytoplasm of the secretory cells and it increased in the five and fifteen minutes cases after pilocarpine injection when the formation of granules was observed on protein staining. These facts may demonstrate that RNA has to do directly with the synthesis of protein.
I t o (1951) stained apocrine sweat gland cells with thionin and observed RNA and DNA, and reported that the cytoplasm contained great amount of RNA among which a filamentous structure was found and this depended on mitochondria. Moreover, he found non-staining or light blue stained mature secretory granules near the lumen and found at the sides of the nucleus and in the base non-staining, immature, secretory granules which had a RNA membrane.
In the author's finding, filamentous or rod-like stainable substances in the cytoplasm vary in their amount throughout the secretory phase as well as the mitochondria on iron hematoxylin stain. This shows the presence of mitochondria and mitochondria seeemed to contain RNA. Moreover in the control, a light blue stained network that appeared near the lumen is somewhat similar to I t o's mature secretory granules, but in the control, stained with iron hematoxylin or with Hg-BPB method clearly stainable granules are not found. Therefore this light blue stained network is not considered as secretory granules.
Stainable granules which are expected to be observed in five or fifteen minutes after pilocarpine injection, are rarely stained, on the contrary, they are recognizable in the cytoplasm as non-staining granules or vacuoles. This fact may demonstrate that the secretory granules in the submaxillary glands contain hardly ribonucleic acid.
Summary
The author used the submaxillary glands of mice which stimulated the secretion of saliva by the subcutaneous injection of pilocarpine. And changes with the lapse of time after injection were observed cytologically and histo-and cytochemically, the following results were obtained.
1. The terminal portion of the submaxillary glands of mice is divided into the glands consisting of clear cells and those consisting of dark cells. In the process of the secretion of the clear cells, stainable granules are observed, but in the dark cells the stainable granules are not observed.
2. On the changes in polysaccharide by PAS staining, PAS positive substance in the cytoplasm, the basement membrane and other tissues decrease throughout from the beginning of the secretion to the end.
3. Alkaline phosphatase is very intense in its activity in the basement membrane and in the capillaries.
The activity in the cytoplasm is temporarily strengthened immediately after the onset of secretion but it becomes weak with the lapse of time. The activity in the capillaries is almost constant.
4. The activity in acid phosphatase is more intense in the cytoplasm of the clear cells than in that of the dark cells. Besides, the activity in the apical portion of the cell is more intense than that in the base. Though generally the activity in acid phosphatase is temporarily strengthened immediately after the onset of the secretion and it gradually becomes weak with the lapse of time, the activity of the nucleus becomes hardly low.
5. A lot of RNA is contained in the cytoplasm of the glandular cells, and its variety in quantity is about the same as the formation of the stainable granules in protein staining.
This fact shows that RNA has to do with the synthesis of protein.
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